1 0 1 call these IFN-γ + CD4 + cells 'naive like memory' (T NLM ). antigens was previously shown to elicit similar frequencies of Mtb-specific CD4 T cell responses 1 0 7 across diverse populations [19] . Data (Figure 1c ) are presented as fold changes of Mtb peptide- Next, to determine if similar T NLM response could be elicited in vitro, PBMCs from healthy PPD-1 1 3 /IGRA-HC were cultured with BCG for 2 or 4 days and then restimulated overnight with BCG. On BCG restimulation of PBMCs cultured with BCG, increased frequencies of T NLM were seen 1 1 5 in compared with BCG restimulation of cells that were medium rested. This was noted in cells 1 1 6 cultured for 2 days (Fo= 0.01126 vs 0.0450, p<0.01) or 4d (Fo= 0.0195 vs 0.0595, p<0.01). A 1 1 7 similar trend was noted in frequencies of overall IFN-γ + CD4+, IFN-γ + T CM and IFN-γ + T EM cells 1 1 8 ( Figure 1d ). This suggested that BCG induced T NLM cells exhibit BCG-specific recall similar to 1 1 9 IFN-γ + T CM and IFN-γ + T EM cells. To further characterize antigen-specific T NLM , we compared the expression of different markers activation markers CD69, CD25, FoxP3, PD-1, T-bet, survival markers CD74 and BCL-2 and 1 2 7 phenotypic markers CCR7 and CD27 are depicted as geometric mean fluorescence intensity 1 2 8 (gMFI). In addition, because a CD8+CD49d+ IFN-γ + memory T cell with naïve phenotype was 1 2 9 recently described to increase with age, with the frequency of these cells correlating inversely 1 3 0 with the residual capacity of the immune system to respond to new infections with age[20], we 1 3 1 also measured CD49d expression on the various memory subsets. Upon ESAT-6 stimulation, T NLM compared to T N , showed higher expression of CD69, CD25,   1  3  3   PD1, T-bet, CCR7, CD27, CD25, CD74 and FoxP3, negligible expression of CD95 and no   1  3  4 difference in expression of CD49d or Bcl-2 ( Figure 2 ). We also compared expression of these 1 3 5 markers between T NLM , T CM -γ and T EM -γ. Compared to T CM -γ cells, T NLM had lower expression 1 3 6 of CD69 and PD1. Interestingly, T NLM showed higher expression of CD25, and FoxP3 and lower than that in spleen. To further analyze the percentage of memory subsets within ESAT-6 + Tet + 1 4 8 CD4 T cells, CD62L and CD44 were used to identify T N (CD62L + CD44 -), T CM (CD62L + CD44 + ), T EM (CD62L -CD44 + ) and T EFF (CD62L -CD44 -) and Sca-1 and CD122 to identify T SCM 1 5 0 (CD62L + CD44 -Sca-1 + CD122 + ) ( Fig. S2 ). Interestingly, the predominant ESAT-6 Tet + CD4 + cells 1 5 1 noted within the CD62L + CD44population were cells expressing Sca-1 + CD22 - (Figure 3a ). These cells were also the predominant IFN-γ + population. In this model, therefore, we defined infection. In this mouse model, Mtb growth kinetics in both lung and spleen is similar to that in 1 5 8 wild type B6 after aerosol challenge of Mtb showing progressive increase up to 2 weeks 1 5 9 followed by gradual plateauing. Net frequencies of ESAT-6 1-20 -specific IFN-γ + CD4 + peaked at 1 6 0 day 56-post infection (p.i.) (Figure 3b ), while TNF-α + CD4 + frequencies peaked at day 28 p.i. We Mtb antigen-specific population involved in the IFN-γ but not in the TNF-α + producing CD4+ T 
T NLM cells confer superior protection against Mtb infection compared to total memory cells
To determine the capability of antigen-activated T NLM to inhibit Mtb growth in vitro, equivalent (bone marrow derived macrophage) 1 day earlier. Cells were harvested after 3 days of co-culture. ESAT-6 1-20 peptide expanded total CD4+ T cells to unexpanded total CD4+ T cells. However, 1 8 1 when purified T NLM were sorted form total CD4+ T cells and put in culture with BMDMs, we 1 8 2 saw significant inhibition of mycobacterial growth by peptide-exposed T NLM compared peptide found to be phenotypically T EM at 28 days post-infection. However, increased total CD4+ and 1 9 0 CD4+IFN-γ + and CD4+TNF-α + cells were found in lung but not in spleen from mice receiving 1 9 1 T NLM compared to those receiving total CD4+ cells and T MEM (Figure 4b and 4c ). More 1 9 2 importantly, mice given T NLM had lower bacterial burdens (Median frequency= 50878 vs 293082, 1 9 3 p<0.05) than mice receiving T MEM cells (Figure 4b) . These results provide direct support for 1 9 4 superior protection provided by T NLM compared to overall CD4 and T MEM . and at 3months and 6 months after starting treatment. Cultures on PBMCs were performed to determine memory subsets and levels of intracellular 2 1 2 cytokines. Briefly, cells were cultured in RPMI 1640, with 10% FBS with penicillin- absolute frequency, and frequencies following stimulation with antigens are depicted as net 2 3 0 frequency (Antigen-stimulated condition − Unstimulated condition). Middlebrook liquid medium 7H9 (BD) containing 10% ADC (BD) and 0.05% Tween 80 to mid- To convert time to positivity (TTP) to bacterial numbers (CFU), a standard curve was used. To 2 5 7 produce the standard curve, 500μl of 10-fold dilutions of the mycobacterial strains spiked in 2 5 8 mouse lung homogenate or 7H9 media with 0.05% Tween 80 were inoculated into the MGIT 2 5 9 tubes, and TTP was plotted against CFU obtained from plating aliquots of the mycobacteria on regression analysis was carried out using GraphPad Prism version 6, and the resulting equation as determined by use of a standard curve (Fig. S3 ). Spleens were smashed using the plunger end of a 3-c.c. syringe until completely dissociated.
6 7
Lungs were cut into small pieces and incubated in RPMI medium containing collagenase XI (1 2 6 8 mg/ml; Sigma-Aldrich) and type IV bovine pancreatic DNase (50 mg/ml; Sigma-Aldrich) during 2 6 9
1hr at 37°C. The digested lungs were disrupted by gently pushing the tissue through a 40μM cell for staining with appropriate fluorochrome-conjugated antibodies. To assess the capability of different memory subsets of ESAT-6-specifc CD4 to inhibit 2 7 4
intracellular Mtb growth in vitro, we had adapted mycobacterial growth inhibition assay 2 7 5 (MGIA). Details of this method have been previously reported [21] . Briefly, mononuclear cells 2 7 6 from the bone marrow of C57BL/6 mice were plated at 5X10 5 /ml on 6-well plate in complete with the tetramers and incubated at 37°C for 1 h before surface and intracellular staining. for multiple comparisons where indicated and denoted as *, P Our results suggest that IFN-γ + CD4 + T a memory cell with naïve phenotype (T NLM ) was part of 3 2 4 the CD4+ recall response to mycobacterial antigens in subjects with LTBI as well as those 3 2 5 vaccinated with BCG. This was not seen with TNF-α + CD4 + T cells in either human subjects with 3 2 6
We hypothesized that TB vaccines generating a high frequency of these CD4 + memory cells previously reported a mycobacteria-specific cytokine production by subset of naïve like cells behaving similar to antigen experienced cells [17, 18] as well as their long term persistence after 3 5 6 treatment of tuberculosis [25] . In the current study, compared to the IFN-γ -T N , T NLM expressed 3 5 7 increased protein levels of markers of T cell activation CD69, PD-1 as well as T-bet. The 3 5 8 expression level of these activation markers on T NLM were similar or lower than that expressed 3 5 9
by T CM -γ + and T EM -γ + . In addition, T NLM compared to IFN-γ -T N had higher expression of HLA A n a i
